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Metastable defects in GaAs samples grown by metalorganic chemical vapor deposition were 
analyzed as a function of arsine to trimethylgalium ratio, using deep-level transient 
spectroscopy and isochronal annealing. The data have shown that metastability is related to 
the presence of an electron level 0.33 eV below the conduction band which is independent on 
the As/Ga ratio. Arsenic interstitials could be responsible for this level. 
Recently, Buchwald, Johnson, and Trombetta' have re-
ported two metastable defects in Si-doped GaAs grown by 
metal organic chemical vapor deposition (MOCVD). Using 
deep-level transient spectroscopy (DLTS) they have ob-
served a completely reversible transformation between de-
fect configurations depending on the applied bias during an-
nealing at 400 K. 
To analyze the possible origins of these centers we have 
studied similar defects in MOCVD-GaAs samples grown 
with different As/Ga ratio. 
Our results show that metastability is dependent on the 
As/Ga ratio. Samples grown with low As/Ga ratio have 
presented only one defect configuration and no detection of 
the level with the thermal activation energy of 0.33 eV (for 
electron emission). 
The n-type GaAs layer, not intentionally doped, was 
grown on n + substrate with the As/Ga ratio of 40, 60, and 
100, changing only the arsine flux at the growth temperature 
( Tg ) of 650°C. 
Capacitance versus voltage (C- V) and DLTS measure-
ments were performed on Al and Au Schottky barrier di-
odes. AuGeNi ohmic contact was used on the back surface. 
DLTS spectra were recorded after the sample had been 
submitted to the following procedures. (i) The sample was 
initially annealed at 124°C for 10 min with an applied re-
verse bias of 5.8 V. After that, it was cooled under reverse 
bias to 80 K and DL TS measurements were performed (con-
figuration A). (ii) The procedure is similar to the one de-
scribed above, except for the fact that the process was done 
under zero bias (configuration B). 
The transition kinetics from configuration A to B were 
studied by carrying out isochronal annealing on the sample 
grown with the As/Ga ratio of 100 as follows. (1) After the 
sample has been heated to 420 K for 10 min with applied 
reverse bias, it was cooled to a temperature T at which the 
bias was removed. (2) The sample was annealed for 10 min 
at this temperature. (3) The diode was cooled to 80 K to 
initialize the DLTS measurement. For the B-to-A transition 
the same procedure was used except that at 420 K the sample 
was under zero bias and annealed at T with reverse bias ap-
plied. 
Figures 1 (a) and 1 (b) show the D L TS spectra of the 
samples grown with the As/Ga ratio of 40 and 100, respec~ 
tively, after the samples have been submitted to procedures 
A and B described above. The signature, that is, the values of 
the activation energy ~E, and the electron-capture cross sec-
tion (T "" of the defects are summarized in Table I. The carrier 
and maxima traps concentrations of each sample, corrected 
for the A factor,2 are listed in Table II. 
The level with the highest concentration, E4, was de-
tected in all samples and its signature is close to the EL2 or 
ELO level. 3.4 . 
El is the level labeled M4 by Buchwald et a/.' Figure 1 
shows that it is strongly related to the presence of metastabi- . 
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FIG. 1. DLTS spectra of two samples grown at different As/Ga ratio, after 
annealing at 400 K under (A) reverse bias and (B) zero bias. (a) As/ 
Ga = 40 and (b) As/Ga = 100. 
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TABLE I. Electron emission activation energy 6.E and electron capture 
cross section u 00 of the detected levels. 
Level 
6.E(eV) 
U
oo 
(cm2) 
EI 
0.33 ± 0.01 
4.5X 10-'4 
E2 E3 E4 
0.45 ± 0.02 0.56 ± 0.02 0.83 ± 0.02 
2.IXIO-'s 4.9XIO- 15 4.0XIO- u 
lity and to the As/Ga ratio. In the sample with As to Ga 
ratio of 40 [Fig. 1 (a) ], this level was not detected and there 
was no metastability. Only E2 and E41evels were observed 
after treatment A and B, with no change in their concentra-
tions. 
The same results were obtained from a preliminary 
study on samples grown at Tg of 725°C: The level El and 
the associated metastability are present for the As/Ga ratio 
of 60 and 80 but not for 49 (the lowest value we have used at 
Tg = 725°C). This confirms that El is necessary for the 
metastability and it is dependent on the concentration of 
arsine (AsH3 ) during the growth. 
A defect with the signature similar to E 1 with the activa-
tion energy nearly independent of the aluminum composi-
tion, has been detected in MOCYD GaAs and AIGaAs lay-
ers by Wagner et af. 5 They related this level to the 
trimethylaluminum (TMA) or with impurities carried with 
it. We can rule out a residual TMA contamination of our 
samples because our MOCYD system had never been used 
to grow AIGaAs. Bhattacharya, Subramanian, and 
Ludowise6 also observed a trap 0.35 eY below the conduc-
tion band in MOCYD Alx Gal _ x As samples with x from 0.1 
to. 0.4. They suggested an oxygen complex related to that 
center because its concentration increases with increasing Al 
content in samples grown in a system where oxygen could be 
present. Oxygen in the form of H20, for example, is a con-
taminant in the arsine, but it should be pointed out that the 
signature of El also resembles the level detected in proton 
irradiated GaAs samples 7 and heat treated liquid-encapsu-
lated Czochralski (LEC) GaAs. 8 These processes are 
known to introduce point defects in the crystal. 
Based on our results and those meQtioned above, candi-
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TABLE II. Carrier, Nd - Nu ' and maxima traps concentrations as a func-
tion of As/Ga ratio. E4 was detected in both configurations. 
Nd -No 
As/Ga (cm-3 ) 
Trap concentration 
(cm- 3 ) 
40" 
60 
100 
5.0X lO's E2; 2X 10'2 
1.5xIO'6 Ela; 7XI0 12 E2b; 4XI0 12 
4.5X lO,s El u ;2.5X 10'2 E3;b;1.3X 1013 
u Level detected only in configuration A. 
b Level detected only in configuration B. 
cThis sample has not shown metastability. 
E4;3.6X 10 14 
E4; 8X 1012 
E4; 1.9 X 1014 
dates for the origin of E 1 are in isolated defect due to excess 
of arsenic (arsenic interstitial As! or arsenic on gallium site) 
or a complex consisting of this kind of defect and an impuri-
ty. 
The E2 signature is similar to the one also reported in 
heat treated LEC GaAs (Ref. 8) and E3 is close to the level 
H found in Si-implanted and annealed GaAs samples.9 . 
The signatures of these levels, which were detected in 
configuration B (E2 for As/Ga = 60, and E3 for As/ 
Ga = 100) do not coincide with each other and with the one 
corresponding to this configuration in Ref. 1 (M3: 0.61 e Y). 
This would lead us to conclude that they are different traps. 
Nevertheless, these differences could be related to a different 
environment surrounding the same basic defect, or to the 
possible dependence of the emission rate on the applied elec-
tric field. Indeed, the M3 center has an electric field-depen-
dent emission rate l (the average electric fields in our sam-
ples were higher than Ref. 1). 
Favoring the hypothesis that E3 and M3 are the same 
center, is the fact that E3 has an annealing activation energy 
Ea of 1.8 ± 0.2 eY that is close to M3 (2.1 ± 0.3 ey).1 Fig-
ure 2 shows the isochronal annealing data of the El and E3 
centers. The estimated values of Ea were calculated assum-
ing first-order reaction. 10 
For the.E 1 level Ea is 0.7 ± 0.1 e Y which agrees with the 
value of 0.8 ±0.1 ey obtained for the M4level. I It is inter-
esting to observe tp.at the annealing activation energy of the 
~ E3 DECAY E'1 --REGENER~ 
FIG. 2. Isochronal annealing after 10 
min at the indicated temperature of lev-
els EI and E3 under (a) zero bias and 
(b) reverse bias. 
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FIG. 3. Decay and formation of the Ellevel after 10 min isochronal anneal-
ing of the sample previously warmed up to 240 'C. 
E 1 is identical to the activation energy related to the mobility 
of arsenic interstitial. II This result and the ones previously 
reported lead us to consider E 1 to be an arsenic interstitial 
related defect. 
Buchwald et af. I have suggested a model in which the 
metastability is based on the pairing of a native acceptor 
defect (Co) and a shallow donor (D +). I Following their 
model, the E2 (or E3) to E 1 transition should be 
(CD)O--> (CD)+ + le--->Co+D+ +le-. 
Nevertheless, this model is unable to explain why the 
dissociation of the complex (CDo ) does not happen in sam-
ples grown with low As/Ga ratio. 
Instead, if we consider E2 (or E3) as an unknown defect 
X and EI as As; bound to X, for low As/Ga ratio there will 
not be enough As; to create the Ellevel and the sample will 
not show metastability. Certainly, this must be considered 
only a suggestion since a complete model should include 
other features. For example, the M3 level is electric field 
dependent (Ref. 1) and the maximum concentration ofEI is 
higher than E2 (or E3) (Table II and Ref. 1). 
Increasing the temperature of the sample grown with 
As/Ga ratio of 100 up to 240 ·C, under reverse bias, subse-
quent DLTS spectra have shown that E3 was no longer de-
tected, the concentration of El decreased by a factor of al-
most 3.5, and E4 has doubled its concentration. Isochronal 
4078 J. Appl. Phys., Vol. 65, No.1 0, 15 May 1989 
annealing was performed on this warmed-up sample, and the 
data for the El center are shown in Fig. 3. In this case, the 
activation energy for decay has increased from 0.7 to 1.1 e V. 
This means that part of the complex was annealed out or the 
As; has moved to a more stable site. 
It is well known that the DLTS signal of EL2 can be 
changed by reactions between the metal used for the 
Schottky barrier and the semiconductor. 12 This seems not to 
be the case for the change in concentration of the El and E3 
levels in the warmed-up sample. For an Au Schottky barrier 
on a sample grown on a Cr-doped GaAs substrate with As/ 
Ga of 100 the concentration ofE4 has doubled but the values 
for El and E3 were similar to the ones displayed in Table II. 
Metastable defects in MOCVD GaAs samples were 
studied as a function of As-to-Ga ratio. It was observed that 
metastability is dependent on a level with thermal activation 
energy for electron emission of 0.33 eV. This level is present 
on samples grown at high arsine flux and it seems to be relat-
ed to arsenic interstitials. 
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